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LRITICAL IEEMS L15T
SHEET | ar : S

FAILURE HODE AMD
CAUSE

FAlLURE EFFECT
OH END JIEH

BATIONALE FOR ACCEPTANCE

Lpss of Iris funcktlon
{machani cal).
Liss of foom Funcllon
Imachanicall).
Less of Focus Functien
Imechanicall.

—Hotar failure
—Gear Train failere

=Lens failurs

02408

Inabi Wity to control
focws, ioom, oF iris.

LMsnfnﬁsMn:ﬁch
videa.

RESLGN FEATUBES .

The TYC/Lans Assewmbly bs camprised af 16 electrical swhassenblies; 13 subassmoblies
are BCA Astre designed and fabriceled wsing staadard printed-circuit board kyss of
consLructlon. The remainipg three asseabliss, bioh vnltaEr power 5upp1{. oscillatar,
and stepper molers, are vendor supplied components vhich have bean spacified and :
purchazed lt:n!din? to RCA Specification Comtrol Prawimgs {3CDs) prepared by engi-
neerin? and reljability psswrance, Specificaklons per the SCD are prapared to
extablish Lha design, performanca, test, qualificakion, and acceptance requirasents
for a procured glecs of equipsent, : )

Parts, materials, processes, and design gubdalines For the Shuttle CLTW program are
specifiad im accardance wilh RCA 2295501, This document defines Bie progrim require-
nents for selection and centro) of EEE paris. To the maximum extenl, and cans izlent
with availability, all parts have been selacted from milhtary specificalions 4t ihe
MM Yavel, a5 & winioum. I[n addition to tha awerall aglection criteria, a subsed of
genéral purpose preferred partt his been dafined by this documeni and the REA Govere—
soal Systers Division Standard Parts List. In the case of the CMOS and TTIL family af
microcircudts, devlces are screened and tested ko the WIL-STD-853C e vivalenl and
procured vhder the designatioms of HI-REL/2) and SHC 54LS Jrom RCA-S5D and Texas
Instrumenis Carp, ruqlttiwﬂy. Parks not §ncluded $n the above documents have bein
used kn the dasign oa { after a nonskandard ibem approval form [H31AT) has been pra-
pared, subwmltied to Ra I-a.hilit{ Assurance Enginesring IRAE} ang appraved fer use in
the specific applicationis) defimed n the HIIAF by HASA-JSL. .

Horst—Casa Circult Analyses have been perfarmed pnd documented for all circull
desigas En demonstrate Ehat sufficient operating nargins erist for all ﬂﬂ!fitill
cordiLions. Jhe analysls was worsbl case—in that tha walue fFor eack of the variable
parpnrters was sl to Timb4s Lhat wi1) drive the sulput ko 3 wakioum {or sinimun).

A componest 4Epllcatiun raviaw and analysis wax conducted 1o werify Lhat 1ha opplied
ctress on pach piece part by the temperature exkremes idenLified with ¢nviranmeatal
qua1i;;citl.n tasting does mot exceed Ehe stress deraling valves identified in RCA
Z7M5507.

[n additios, an objective ewamination of iha deskgn was parformed ihrovgh a» FOR and
COR ko verlfy that the TWL/Leas aczombly wak spec]ficalion and conlractual require=
menks.
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REVISED §1-3-86

FmEA mp, 5342

CRITICALINY 2

[T IYL LA
SHUTTLE CCTV WG WO
CRITICAL TTEMWS LIST S MBS0
SHEET 2 orF []

FAILURE MODE AND
LAUSE

FAILURE EFFECT
Dt EHD JTEH

RATIDNALE FOR ACCEPYANCE

Lass of Iris Function
imechanical).

Loss &f Zoom Function
{meehamical ).

loss of Focus Functlon
Impechanical),

H.A

-Malor failure
-Gear Train l2idurs
-Lens Failure

48R

Inabidity ta& control
focus, room, or éris.

Locs of missien £ritked)
yideo.

DESIGH FEATURES

The general arrangement of the Yens assenbly 96 to provide aas iatsgratad hnusin?,
makor, amd circuil board package which <om Accammodate various commercially available
lenses. Fmophasks 15 placed on sccessibility of the lene, ite drive temponents, and
Timit staps. Componnie withln Lhe Tens azsenbly hove Weem modularized, serving both
the HLA, CLA, and WLA avsemblies.

The leni boucing siruclure 15 3 one—piece casting designed ko minimize sackining and
provide a rugged dimensignally stable mownting Far the optical compsnents. The beusing
is In the form of 3 right ang*e. Tha vertical mamber intsvfaces with the Front surfaca
of the camera and the Morizoatal member supporis the drive maters on the wpper surface
with 4he Tens function <ircuit boards in a <avilty on Lhe anderside,

| Euactian [ Trai
The 1riz, zaom, and Focus drives are identical in concept; the only difference 15 the

Toner gear ratio im the iris train to provide the 2.8-second end-ip-end travel capa-
bBility necacsary far ihe ALC speraklon,

The tahls fan next pane) shaws the drive train p;rameters with sverall torque marging
far the three Yens functions,

The maolerfgear heads are mpunted on the Tens housing rather than o the s, 10 pémit
the dazired Vans interchangeabiVily for Lhe Shutlle sission with minimum bmpact an the
actual lamses.

Varisuy types of motors were comsfdered Tar thiz applicatian, (rading off size, power,
weight, cantrol-cireudt complexily, command capability, and quadificatioa status, The
brwzhlesz and silepper-motor types fAL the package.and power reguirssents, the Tatter .
heing rrefer—red because of its simplicity, reliabiVity, aad space—qualified status.

The selected stepper motor (8 slze-d, Alnlco=% pole-piece, permanent-magnet Stepper)

1s maled with & spur Lrain gearhead. Bokh wnits are manufactured by Honaco Hoter Co.

A 48-diameiral-piteh (48-0P} Spur gear on Lhe gearhedd outpul shafl meshes direcily

with the gears which ars a park of the zpom, focws, and iris ring functions an Lthe

Tens gear.
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' UNIT __ IVL/HLA
FHMEA 4D, _ 5.3 B2 . SHUTTLE CCTw OWG O £au4a19-506, 5087 .
CRITICAL IFEHS LIST 20 2088-503
CRITICALITY 252 SHEET 3 113 a9 -
FALLURE WIOE AMND FAILLAE EFFECT -
CAlSE O fHD 1TENH RAVIOMALE FOR ACCEPTANCE
Loss of Iris Fenction Inakility to centrol NESIGN FEATIRES
(mechanical). foces, saom, or iris.
Loss of Zoom Function LENS DRIVE TRALN FARAMETERY
{machanical). H
Loss of Fogus Functisn Loss of wisstan critical
{mechanicall. vidia, Time End-] Tapui Loss Het
Drive| Comppnent | Travel to-End |Torgue JRavia Mo.JEfficiency|Torgue |Yorque
{degrees) | (seconds) [ (az-in) |ar Teeth iz} for-in)|{ez—-in}
=Motor failure
-Gear Traia failure
-lens Failurs Hatar - - - - 0.27
Gearhaad 0.27 78:1 an 3.7 18.4
foon 150 b.b
Gearhead
Dutput Gear 8.4 5N 22| 5240 .
. . 9
Leas Gear 156 0.8
Yergue Margin
U H
Motar ) - - - - b.:7
Gaarhead . - a.27 48:1 i ] 2.6 | IR.]
Focus : b, K 7.3
Guarhead :
Qulpuk Gear 10.3 11 1.3 | 0.0
b 119
Lans Gear 156 in.o .
Taraue Hargin
31
Hotor - - - - 0.1
Goarbead 0.2r | 48:) A 2.6 | 0.3
Iris ] 1 2.8
Gearhead
Dutput Gear 140.3 s 1.3 | 3.0
) . O
Lans bear 156 5.0
Tarque Nargin
b1
|
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REVISED 14-23-06

FHEA no. _ 5342

CRETICALITY ifd

UHIT
SHUITLE CCTV DG 83,  2294BY9-506.SDB/ _

CRITICAL ITEMS LISF 2 T0AA-RD
SHEET 4 oF 9

FAILURE HODE AND
CHUSE

FALLURE EFFECT

Loss of Irds Function
{mzchanital},
Loss of Joom Function
{mechanical ).
Loss nf Focus Function
{mechanical }.

HLA

—Hotor failure
—Gear Train Failure
=Lend Tailure

HOR

Inability to conlrol
focua, zaom, ar iris.

Loss of ml;sinn critiral
wideo.

BATIONALE FOR ACCEFTARCE
Wide Angle Lens Assembty : '

The Angentaun lens used in the Wi was #asipned specifhcally for ST8 COTY wse. It &5
2 wide angle zo0m lens B wn to 24 oo focal range having & 3.9 ainimum {-stap 1» an
axtended range of 1-T720 and & Fully closed posithan. The hboh qualiky optical :Ktnn
is sngiaeerad ints & rugged leas assembly wtilizimg space-approved materials. [

2oom and facus controls ave Can-driven Yhnear motions with dry-Fubricated slidin
conimcis. Hetion ko the cans 13 provided by ball bearing—supported gear rings which
interFace with Lhe leas fumcbion drive mator in the WLA assambly.

The IRTS ll;thll'li'l.l'l is a variable mechanicat apertwrs wilh @ superimposed neatral
density wedge. The aperivrs ﬁ:ate and wedge are edge-driven by a spur gear ring
which again interfaces with ihe funcliom drive motor ia the MLA hausing.

Cars was axerchsed in the desion 1o assure the optlca) elements are secured in
strain-free, savirementally secure mountings.

The tens asiambly was gualifhcatbon vested ak the vender's Facilbiy; Lhis wac
follawoed By qualification testing on the WLA systen at RCA. lhe assembly has

‘been wred on repetitive 5TS missions.

QUALIFICAYION FEST

For QualiFicatbon Test flow, sao Toble 2 Tocsted ot {he fromt of this book.

9-206



- REVISED 11-3-86

FHEA wo. 6.3.0.2

CRETICALITY 2id

UNIT
SHUTFLE LCTV OWG HO.  2204d05-506,508/
CRITICAL 1TEMS LTST 2rnn-509 0

SHEET 2 oF 9

FATLURE MOOE AND
CAUSE

FAILLRE EFFECT
1TEM

— BATIQMALE FOR ACCEPTAHCE

Loss of Eriz Funchlon
{machanicalk.
Lozs of foam Fomcliopn
{rmihanical .
Loss of Focus Functisn
Imechanical b.

~Hatar failure
—-Gear Train Failure
=Lang Failure

0240R

Enability t» tontrol
fotus, zoom, ar iriz.

Loss al missisn
critical vides,

&-208

ACCEPTANCE TEST

fhe DCTV systoms*® WLA is subjecked direcily, withouk vibration isolators which wight
ke usad im their normal installatian, to the {ollowing testing:

= Vibration: Z0-B0Hz ; 3 0B/0gu-rise From 0,01 B2z
80350 Hz: O.04 B/
358-750 Hz: -3 dB/10 Dct-sTope

Test Duration: 1 Hinute per Axis
Test Level: 6.} Grms

® Tharmal Vatewm: In a pressure of lllﬂ'!‘ Torr, the temperature shall be as
follews: )

125 F: Fime to stablize equiphest plws ¥ hour
25 F: Tme to stablize equipsent plus ¥ howr
125° F: [ime ko stablize equipment plus b hows

Thi KLA may net have been jubjacted ts the vacuus conditios.
tar Acceptanca Test Flow, Sce Table 1 Tocated at the front of this book.

OFERATIONM. TESIS

In order to wverify that CLTY composents sre aperalional, a 45t musk verify the
health of a)l the commard related conposenis from bhe PHS [ATAT) panel swlich,
thraugh the ACY, throuwgh tha syec Tines Le the Camera/PTU, Lo the Caneva/PIU comand
decodér., The tact musl aVso verlfy the camera's abilily to produce vides, the Vill'e
ability 10 route videp, and the momitor's abilily W display wideo. A& sinitar fest
would be parforned to verify the HOH command paln.

Pre-Lausch om Orbilsr Test/In-Filght Test

1. Pawer CCIV Systea.
Z. Via the PHY panel, stlecy 8 sonibor ap destinalion and Lhe camera wnder
Leak a3z source.
1. Send “Camera PFower On® command from PHS panel,
: 4, Seleck "Extermal S{nc“ an wenltor.
! 5. Observe viden displayed on wonitor. Hote that If vides sn nonikor is
synchrenized (l.4., stabla raxtar} than thizs indicates that Lhe camera
is receiving composite sync From the RCU and thal the camera is prodecing
synchrenized wldeo.
6. Send Pan, Tilk, Focus, 2oom, DLA, SHD Ganoa comnamds and visually {elther
via the manitor er direct ebservabion) werify operaltlon.
7. Select downlink as destinatisn amd Caoera unieér LSt @5 sOurce.
B. Observe wideo rowted to downlink.
9, Send "Camera Power Q1" command via PHS paned,
1. Regeat Sieps 3 Lhreugh 9 except ysfue coomands win the HOH command paih.
This prowes Lhat the CCTV _quipmenl i5 pperalional.

CoTY - Y
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REVISED [V-2-BE

LNLY IVES LA
FaEd 80, _ 5363 SHUTTLE {CTY WG K. 2204PV9-5D6 . S0RF
CAIFICAL ITEMS LISY 2107088-507 ..
CRITICALITY o2 SHEET b oF g
FAILURE HODE AnD FATLURE EFFECT
carst 4 EMp ITEM _ R5110HALE FiR ACCEPTANCE
Lass of Iria Funclion Inability ta ¢onirel DASENSPECTIDN
{mechanicat ). . focus, zoom, or Irls.
Lass of Towom Fonclbns Procurement (ontrel - The TVE/WLA EEE Rarts and hardware itams are procured from
{mechanical). Worik Case: approved vendgrs And seppliers, which meat tha requivements sei Forth in the COTY
Lass of Fpous Functien Loss of mission criklcal contract and Juality Plan Wark Statensnt {WS-2%93076). Resident OCAS personasl
(mechanicall, videa, ] revipw 811 procurempnt decungnts to establish the nead for G5l pn seleched parks
(PAL 517).
WL ’ .
-Matar failurs Incomipg Inspectisen and Storage - laceming Quallty inspections are made on akl
=Gear Train failurg recaived matarials and parts. Aesulls are recovded by Tob ared rebabined in Tile by
=Lens FatTure drluing and conatral aunbars for foturs raferance and traciihilitg. A1 EEE paris
arg subjected La incoming accepbance tests a5 called for in PA] 315 - Incoming

Inspactinn Tuet Instruclions. [Enceming Flight parts are forthar processad is
accordance with RCA 1546684 - Precoadilioning and Acceptance Aeguiremenis for
Dleckronic Parts, witlh Whe exception that DPA and PIND besking is not performed.
Mechanical dtens are inspecied per PAl 316G - I[ncoming Inspechion lastructions For
mechanical btess, PAT 106 - Intnnir? Quatity Contro) Inspaction Instruction, and
PAL &kZ - Procedure Tor Processing Knfoming ar Furchased Farls Designated For
Flighl Usa. Accepled ilemg are solivered to Material Contralled Storas and
retaiped under spaciTied conditions uniid faerication ¥s required. #an-conierming
materials are held For Halevial Bewipw Board {VRBY dispositica. (PAI 347,

Fal IQC 531).

Biard Assembly & Tesh - Peior o the siart of WeaA board zssembly, all 1tems are verified
to ba correct by stach room personnel, B35 the blems arg sctumulated ko form 3 kit, The
1tems are 'I'I‘I'if{ld dagaim by Lthe dperator w-ho assembles the kit by checking againit the
as-buidt-parts-Tisk {ABPLY. DLAS Mandatory Inspecthon Peisis are desigrated for all
printed tircuit, wire wrap and welded wire boards, plus barness conneclers Ter s0lder-
1ng wiring, crimping, talder :Fliﬂ}s and quallty workmanship prior to ceatlng ef the
conporent 3ide oF boards asd slaeviag of harnesses. Specific imstructiens are givea im
assembly drswing nales awnd appVicable documants called aut im the fabricatian procedure
and vecord [FPR-7I07088) amd Party List PL 2307088, Thess include wire cennaction Bist
2303349, Habes — wide amgle roon lens assy 2303190, Process Standard — konding stabing,
patting, encapsul ati IZ2BORTH, Specificatlon - Urethane pratective coating 2280877 and
Horkmanship Spec B0IMKAS.

TYC Assembly and Test - An open bou Lest iz periovmed I:er TP-11-2294209, and an Accepi-
ance Test per TP=AT=2294819, isacluding vibration and thermal vafuum. erques are
specified and witnessed, traceahilily nunbert are recarded and calibrated Lonls ars’
checked priar to vie. RCA Qualiby and DCAS inipectiomas are perforced at Lhe complelisn
of specified FPR pperations in accordance wilh PAL 204, PAL 205, PAY 206 and PAI 217.
DCAS personnel whiness TYC bulkoa~up and cribical targuing.

S24A0R 5-Mir
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REVISED 11-3-B&

UNIT T¥C vl &
FHEA MO, _ B.3.8.2 . SHUTTLE {CTV DHG HO. 22040v9-50g . 50687
CRITACAL TTEMS LIST 2107086503
CAITTCALITY 22 SHEET 7 OF y
Fal{URE HOBE #HD FATLURE EFFECT
CAUSE 04 EHD §TEH RATIONALE FOR ACCEPTANCE

Loss of Iris Functios Inability to conlrel {ASINSPECTION {Continued)
{mechanmical ). focus, Eowm. OF éris.
loss of Zooa Functian WLA Ascembly and Task - An open box test 5 pevformed per TP-IT-ZXMITOEA, Acceplance
(mechanical]. Yorst Lase! Test per TP-AT-2307088. Torques are specifled and witnessed, Lracaabilicy apchers ara
Lass of Fecws Funckion foss of mizzion critical recorded and ralibrated taals are checked pricr Lo wse. RCA Quality and DCAS inspec-
{mechanical]. video. tisns sre performed st the ceapletion of specified FAR operatioas in accordance w th

PAI 204, PAL 205, PAT 277 and PA1 402, DCAS personnel wibness HWLA bultan—up asd
critical iorquing.

=Hotar failure
~Gear Train Failurs
-1tens Failure

INCAA Assewbly and Test — After a T¥C and a WLA bave been Lesled wndividoally,
they ara mated and 3 final acceptance test 15 performed per TP-AT-2294819, imcludbng
vibration asd ther@al vacuum eavironmenbts. RCA aad DCAS persoanel maniktor these
tesks and Teview Lhe accaptange test dabafrasults. These personnel also Inspect
after all repabr, rework and retest.

Preparatios fpr Shipneot - The TWE and MLA are separated pridr teo shipment afker
fabricatloa and tasting b5 ronplete. Each §s packaged accarding to CLTV Letter B@N1
and 2ZES7P46, Process standard fer Packsging asd Hasdling guidelines. A1} relaled
docunentalios jacluding assembly drauin?. Parts List, MAPL, Tesi Data, etc., is
gathered and held In a docomentstion folder assigned specifically to each assembly.
Thiz Folder is rekained ior refereace. Ahn ETOP s preparcd lor each asisy in
accordance with the requirements of WS-25931746. R{A QU angd DCAS parsoane] witnets
crathng, packaging, packisg and marking, and review tha EIOP for compietesess and

ALCUTALY-
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FHEA MO, B.362

CRITICALITY 28

INIT  __TVCAWLA

SHUTTLE CLTY QHE HO. 2e940]19-50% 508/,
CRITLCAL [VEMS LIST fzpa-snd
SHEET B [T [

FAILLRE HODE AND
LSE

FAILLUAE EFFECT
12|

RATIONALE FOR ACCEFTANCE

Loss of Ivis Fyackion
imechani cal).
Loss of Igen Fuaction
tmachanlcat},
Less of Focus Function
[(meghanicall.

—Hotor Taiture
=Gear Train failure
=Lena Failure

02 R

O EXD 1
TeaklViiy to conkral
fgpcus, room, oOr ifis.

Loss af m';sinn critical
wigen.

FAILURE HISTORY

TDA w-GB48, Leg #0923, WLA DOS-581
TDA A-254%, Leg w0305, WLA O05-581

Description: Fllght Fallure. Spacecraft Lavel. Lepse element gbserved in lens.

Cause: Retaining ring holding lens in plice was Toos&. This retaining ring is
held im place by viing a staking material, which was missing.

Correcklve Artign: A1V of the evidence indicates this {allure Lo ke an isplated
instance of an omitted manufactorisg step. Since this faiture, vendor his
prepared & detailed manufacturing procedure mith preper QU inspectioa chechs bo
imture proper production.

b- 209



REVISED 17-1-88

rHeA Wp. 5383

CRITECALITY 1/2

SHUTTLE LCTY
CEITICAL ETEHS |RST

LML TYCSHLA -
Dwfi HO. 2&£04019-50b, 0B/ |

21070BR-S02
SHEET g OF 9

FATLURE HODE AND
EALSE

FATLLIRE EFFECY
ON END 1TEH

_RAT[ONALE FOR ACLEFTANKE

Losis of Iris Fuaction

imachani cal).

Lass of laom Fusckipa

imechanicall. .
Loss of Facus Functisn
(méchanicall.

=Holar failure
~Gear Trakn failurs
=Lens failure

124gR

Inability ko control
focus, zeam, or iris.

Loss af -l;sion
eritical widen.

DPERANEONAYL_Ef FECTS

Less of widea. Possible Toss of major alssion ohjectives dug Lo Tos: of RHE cameray

or olher requlred cameras.

CREY ACTIOWS

If posshble, conbinue RMS aperatiens usimg alternatdve visual cuas.

CREW TRAINIMG

Crew thauld be Lrained Lo use pazsible alternatives o CCTV.

H1SSION LOMSTRAINT

where possible, procedures should be designad so they can ke accomplisked withsul

CCy.

b-210
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